■jwafcat  rn»  i  nri.  x,"a  >rajraaugiUJ3LgyArar»  u~wxr*.£n 


UNLIMITED  DISTRIBUTION 


I* 


National  Defence  Defense  nationale 


Research  and  Bureau  de  recherche 

Development  Branch  et  d6vetoppement 


TECHNICAL  MEMORANDUM  86/218 

August  1986 


DETERMINATION  OF  PGDN 
IN 

AQUEOUS  SOLUTION 


J . A .  Hiltz  -  A.M.  Quinn 
R.M.  Morchat 


Defence 

Research 

Establishment 

Atlantic 


DTIC 

FI  *  • ?  E I 


OCT  1  4  1986 


Centre  de  Y 

Recherches  pour  la 
Defense 
^  Atlantique 


Canada 


This  document  has  been  approved 
for  pubh-j,  release  and  sale;  its 
0<  'ti'ibution  is  unlimited. 


86  10  8  253 


A  A>\y.%\v^v;i,;AV.v;AV.'.,,v.‘.’,v.v.v.v;.“V.v."AV.‘Av;A w 


UNLIMITED  DISTRIBUTION 


1+ 


National  Dafance  Defense  nationala 

Research  and  Bureau  da  recherche 

Development  Branch  at  dtveloppement 


Canada 


ABSTRACT 

A  procedure  is  described  for  the  detection  and  quantitation  of 

I, 2-propylene  glycol  dinitrate  (PGDN),  the  monopropellant  in  Otto  fuel 

II,  in  aqueous  solution  down  to  the  part  per  million  (ppm)  level.  High 
Performance  Liquid  Chromatographic  (HPLC)  separation  and  ultraviolet 
(uv)  detection  of  PGDN  are  utilized.  The  method  developed  is  applied 
to  evaluate  the  efficiency  of  organic  solvent  extractions  of  PGDN  from 
waste  water  solutions  generated  at  CFAD  Bedford  during  maintainance  of 
the  MK37  and  MK44  torpedoes.  The  results  indicate  that  less  than  1 
ppm  PGDN  remains  in  solution  following  the  extraction. 


/  / 

RESUME 

On  decrit  une  methode  permettant  de  caracteriser  et  de  doser  en 
solution  aqueuse  des  quantites  aussi  faibles  que  1  ppm  (partie  par 
million)  de  dinitrate  de  1,2-propyleneglycol  (PGDN),  qui  constitue  le 
monergol  du  carburant  Otto,  11.  Cette  methode  fait  appel  a  la 
chromatographie  liquide  a  haute  performance  (CLHP)  pour  la  separation  et 
utilise  l'ultraviolet  (UV)  pour  la  caracterisation.  La  methode  mise  au 
point  sert  a  evaluer  l'efficacite  du  procedd  utilisant  un  solvant 
organique  pour  extraire  le  PGDN  des  solutions  d’eaux  usees  rejectees  par 
le  depot  de  munitions  des  Forces  canadiennes  de  Bedford,  au  cours  de 
l'entretien  des  torpilles  HK37  et  MK44.  Selon  les  resultats,  la  solution 
renferme  mo ins  de  1  ppm  de  PGDN  apres  1* extraction. 
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A  -  absorbance 

A  -  area  under  an  absorbance  peak 
b  -  pathlength  of  ultraviolet  radiation 
c  -  concentration  of  species  in  solution  (moles/liter) 
e  -  molar  absorptivity 

GC/MS  -  gas  chromatography  -  mass  spectroscopy 
H  -  peak  height 

HPLC  —  high  performance  liquid  chromatography 
mm  -  millimeter  (10  ~3  meter) 
nm  -  nanometer  (10~9  meter) 

PGDN  -  1,2-propylene  glycol  dinitrate 

ppm  -  part  per  million 

S/N  -  signal  to  noise  ratio 

STEL  -  short  term  exposure  limit 

T  -  transmittance 

TLV  -  threshold  limit  value 

TWA  -  time  weighted  average 

uv  -  ultraviolet 
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Otto  fuel  11  is  the  liquid  monopropellant  used  by  the  Canadian 
Forces  in  the  MK37  and  MK44  torpedoes.  This  monopropellant,  named  after 
its  inventor  Dr.  Otto  Reitlinger,  is  a  mixture  of  three  components; 
1,2-propylene  glycol  dinitrate  (PGDN),  di-n-butyl  aebacate,  and 
2-nitrodiphenylamine .  PGDN  is  the  actual  propellant  and  makes  up 
approximately  75%  of  Otto  fuel  11  by  weight,  while  di-n-butyl  sebacate 
and  2-nitrodiphenylamine  act  as  a  desensitizing  agent  and  a  stabilizer 
respectively.  The  chemical  structures  and  relative  concentrations  of  the 
constituents  of  Otto  fuel  11  are  shown  in  Table  1. 

PGDN  has  been  found  to  be  pnysiologically  active  and  therefore  a 
health  hazard  at  relatively  low  concentrations  in  the  air.  Exposure  to 
low  levels  cf  PGDN  causes  nasal  congestion,  headaches,  dizziness,  nausea, 
dilation  of  the  blood  vessels,  decrease  in  blood  presssure  and  labored 
breathing  (1; .  The  time  weighted  average-threshold  limit  value  (TWA-TLV) 
in  air  has  been  set  at  0.05  parts  per  million  (ppm)  and  the  short  term 
exposure  level-threshold  limit  value  (STEL-TLV)  at  0.1  ppm  by  the 
American  Conference  of  Governmental  Industrial  Hygienists  (2) .  However, 
Health  and  Welfare  Canada  has  adopted  more  stringent  TWA-TLV  and  STEL-TLV 
levels:  they  have  been  set  at  0.02  and  0.05  ppm  respectively  (3). 
Methods  that  allow  the  determination  of  PGDN  in  air  at  the  0.02  ppm 
level  (4)  and  the  0.05  ppm  level  (5)  have  recently  been  described. 

Although  Otto  fuel  11  is  contained  in  a  butyl  rubber  fuel  bladder  in 
the  torpedoes,  leakage  of  the  fuel  can  result  in  the  contamination  of  the 
compartment  in  which  the  bladder  is  stored.  As  the  Otto  fuel  11  is 
seawater  displaced  from  the  fuel  bladder,  the  seawater  can  become 
contaminated  with  Otto  fuel  11  which  has  leaked  from  the  containment 
system.  During  maintenance  of  torpedoes,  the  seawater /Otto  fuel  11 
suspension  in  this  3pace  is  flushed  out  with  fresh  water  to  minimize  the 
possibility  of  seawater  accelerated  internal  corrosion.  The  resulting 
Otto  fuel  ll/water  suspension  is  allowed  to  separate,  leaving  an  aqueous 
layer  contaminated  with  Otto  fuel  11. 

Two  problems  exist  with  this  procedure.  Firstly,  no  method  is  in 
place  to  monitor  the  concentration  of  O.tc  fuel  11,  or  more  specifically 
PGDN,  that  remains  in  aqueous  solution.  Secondly,  given  that  the  aqueous 
solution  is  contaminated  with  PGDN,  there  are  potential  hazards 
associated  with  its  disposal  if  the  PGDN  is  not  removed  from  the 
solution.  In  addition,  no  limit  or  the  concentration  of  PGDN  in  aqueous 
solution  that  can  safely  be  int)oduced  to  the  environment  has  beer 
established.  As  th"  -olubility  of  PGDN  is  reported  lo  be  0.13g/100  mL 
water  (1300  ppm)  (6  dumping  of  large  volumes  of  saturated  solutions  o, 
PGDN  in  water  would  introduce  a  considerable  amount  of  this  substance 
into  t.he  environment  and  could  result  in  a  potentially  significant  health 
and  environmental  hazard.  An  efficient  extraction  of  PGDN  from  aqueous 
solution  into  an  organic  solvent  would  allow  safe  disposal  of  the  FGDN 
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through  burning  of  the  solvent.  The  remaining  water  layer  could  then  be 
discarded  as  uncontaminated  waste. 

As  PGDN  has  a  chromophore  that  absorbs  in  the  ultraviolet  region, 
ultraviolet  spectrometry  was  proposed  at  DREA  as  a  method  for  the 
detection  and  quantitation  of  PGDN  in  aqueous  solution.  The  relationship 
between  the' -response  (absorbance  or  transmittance)  of  a  chemical  species 
and  its  concentration  in  solution  is  given  by  the  Beer-Lambert  law,  or 
more  simply,  Beer’s  law,  shown  in  Equation  1.1, 

A  -  2  -  log  %  T  -  ebc  (1.1) 

where  A  is  the  absorbance  of  the  solution,  T  is  the  transmittance,  £  is 
the  molar  absorptivity,  b  is  the  pathlength  of  the  radiation  through  the 
solution  in  the  sample  cell,  and  c  is  the  concentration  of  the  solution 
in  moles/liter. 

The  value  of  £  is  characteristic  of  an  absorbing  species  in  a 
particular  solvent  and  at  a  specified  wavelength  and  is  independent  of 
both  the  pathlength  of  the  radiation  and  the  concentration  of  that 
species.  As  the  pathlength  of  the  radiation  in  the  detector  is  fixed, 
the  absorbance  of  a  solution  is  directly  proportional  to  concentration  of 
a  species  in  solution. 

To  utilize  uv  spectroscopy  to  measure  the  concentration  of  a 
compound  in  solution,  it  is  necessary  to  separate  it  from  other  compounds 
that  might  absorb  uv  radiation  at  the  selected  analytical  wavelength. 
Reversed  phase  high  performance  liquid  chromatography  (HPLC),  commonly 
used  to  separate  organic  compounds  in  aqueous  solution,  was  proposed. 
Reversed  phase  HPLC  columns  are  characterized  by  non-polar  packings, 
i.e.,  the  affinity  of  the  packing  is  greatest  for  non-polar  compounds  and 
consequently  the  polar  compounds  of  a  mixture  elute  first.  By  adjusting 
the  polarity  of  the  mobile  phase,  the  retention  times  of  the  constituents 
of  a  mixture  can  be  affected  in  such  a  way  that  the  desired  separation  of 
the  constituents  is  achieved. 

Thus  it  appeared  that  reversed  phase  HPLC  separation  of  the 
constituents  of  Otto  fuel  11  coupled  with  uv  detection  and  quantitation 
of  PGDN  would  afford  a  convenient  method  to  monitor  PGDN  concentration  in 
waste  water  solutions  from  CFAD  Bedford.  This  paper  describes  the 
development  of  such  a  procedure  to  measure  the  concentration  of 
1,2-propylene  glycol  dinitrate  (PGDN)  i<.  aqueous  solution  at  the  part  per 
million  (ppm)  level . 

The  method  developed  was  subsequently  used  to  evaluate  the 
efficiency  of  organic  solvent  extraction!  of  Otto  fuel  11  from  waste 
water  solutions  generated  at  CFAD  Bedford  during  torpedo  maintenance. 


2.0 


All  liquid  chromatographic  separations  described  in  this  report  were 
carried  out-.on  a  Varian  model  5100  Liquid  Chromatograph  using  a  Varian 
MCH-10  (30  cm  long  x  0.4  cm.  internal  diameter)  stainless  steel  reverse 
phase  column.  The  MCH-10  packing  was  monomeric  C-18  bonded  on  10  micron 
silica  gel.  The  separations  were  made  under  isocratic  conditions  (60% 
methanol-40%  water)  at  a  flow  rate  of  1.5  mL/min  and  a  column  temperature 
of  30°C.  A  20  microliter  injection  loop  was  used  in  all  analyses. 

A  Varian  Varichrome  variable  wavelength  ultraviolet-visible 
detector  was  used  to  monitor  the  compounds  eluting  from  the  HPLC  column. 
The  detector  response  was  recorded  on  either  a  Varian  model  9176  strip 
chart  recorder  or  a  Varian  Vista  401  d=*ta  station  printer  plotter. 
Detector  response  was  measured  as  either  the  area  under  the  absorbance 
peak  (A)  or  the  peak  height  at  maximum  absorbance  (H)  .  The  area  under 
the  absorbance  peak  is  a  measure  of  the  total  absorbance  of  the  PGDN  that 
elutes  from  the  column.  Peak  heights  and  peak  areas  were  manually 
measured  from  the  strip  chart  recorder  trace  while  the  area  counts 
(integrated  area)  were  obtained  from  a  Varian  CDS  111  integrator.  The 
HPLC,  uv  detector,  integrator,  and  strip  chart  recorder  are  shown  i::. 
Figure  1. 

Ultraviolet  (uv)  spectra  of  the  pure  components  of  Otto  fuel  11  were 
recorded  on  a  Perkin-Elmer  Coleman  124  double  beam  ultraviolet 
spectrophotometer.  The  purity  of  the  individual  components  was  checked 
using  infrared  and  mass  spectrometry.  The  infrared  spectra  were  obtained 
on  a  Perkin  Ulmer  model  633  infrared  spectrometer  while  the  maos  spectra 
were  acquired  on  a  Finnigan  MAT  5100  gas  chromatograph/mass  spectrometer 
(GC/M5) .  Note  Appendix  A. 

The  water  and  methanol  used  as  the  mobile  phase  in  the  HPLC  were 
HPX.C  grade  (glass  distill*  )  and  were  supplied  by  either  Fisher 
Scientific  or  BDH  Chemical  i  liited.  The  hexanes  and  petroleum  ether 
(30-60®C)  were  supplied  by  BDh  Chemical  Limited  (pesticide  grade)  and 
Fisher  Scientific  (ASC  Certifies,  respectively. 

Samples  of  di-n-butyl  sebacate  and  2-nitrod-;phenylamine  were 
purchased  from  Anachsmia  Limited  and  Aldrich  Chemical  Corporation 
respectively  and  used  without  further  purification.  A  sample  of  pure 
PGDN  was  obtained  by  vacuum  distillation  from  a  sample  of  Otto  fuel  11 
(boiling  point  59°C  at  7  mm  Hg) . 
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2.2  Approach  to  the  Analysis  of  1 , 2-Propvier.e  Glycol  Dinitrat-e 

■(PGDN)  ..in.  Aqueous  iolutigm 

Several  steps  were  involved  in  the  development  of  an  analytical 
technique  for  the  separation,  detection  and  quantitation  of  PGDN  in 
aqueous  solution.  They  are  as  follows: 

1)  determination  of  the  proper  solvent  mixture  for  the  HPLC 
separation  of  the  three  components  of  Otto  fuel  11, 

2)  identification  of  the  optimum  ultraviolet  wavelength  for  the 
detection  of  1,2-propylene  glycol  dinitrate  in  order  to  maximize 
the  sensitivity  of  the  detector,  and 

3)  establishment  of  a  calibration  curve  to  relate  concentration  of 
PGDN  in  solution  to  detector  response. 


Ultraviolet  (uv)  spectra  of  the  individual  components  of  Otto  fuel 
11,  namely,  PGDN,  di-n-butyl  sebacate,  and  2-nit rodiphenylamine  are  shown 
in  Figures  2a  through  2c  respectively.  It  can  be  seen  from  Figures  2a 
and  2b  that  PGDN  has  an  absorbance  maximum  around  205  run  and  di-n-butyl 
sebacate  has  an  absorbance  maximum  around  220  nm-  Overlap  of  the 
absorbance  peaks  of  these  two  components  would  preclude  the  use  of  a  uv 
detector  to  quantitate  PGDN  unless  the  components  were  separated,  because 
of  possible  interference  effects. 

Two  criteria  were  set  for  the  separation  of  the  components  of  Otto 
fuel  11  by  HPLC.  The  first  was  the  complete  (that  is,  baseline) 
separation  of  the  constituents  and  the  second  was  the  elution  of  the 
three  constituents  within  15  minutes.  To  provide  separation  of  the 
individual  components  of  Otto  fuel  11  and  the  desired  elution  time,  HPLC 
using  a  reversed  phase  column  and  a  binary  solvent  system 
(methanol-water)  was  chosen.  Various  methanol-water  mixtures,  including 
90-10,  80-20,  70-30,  60-40,  and  50-50  volume-volume  solutions  were 
trialed  for  the  mobile  phase  at  a  flow  rate  of  1.5  mL/min. 

Following  the  development  of  a  separation  procedure,  an  analytical 
wavelength  for  the  quantitation  of  PGDN  had  to  be  selected.  In  the 
preliminary  work  to  determine  the  mobile  phase  solvent  mixture  and 
retention  times  of  the  components  of  Otto  fuel  11,  the  components  were 
monitored  at  the  wavelengths  of  maximum  absorbance  taken  from  the  uv 
spectra  shown  in  Figures  2a-2c.  The  optimum  wavelength  for  monitoring 
the  concentration  of  PGDN  in  aqueous  solution  was  chosen  by  measuring  the 
response  of  the  uv  detector  to  a  20  ppm  solution  of  PGDN  as  the 
wavelength  of  the  detector  was  varied  from  225  nm  to  200  nm  in  5  nm 
increments.  The  wavelength  that  gave  the  maximum  absorbance  was  selected 
as  the  analytical  wavelength. 

As  the  concentration  of  a  uv  absorbing  species  in  solution  is 
increased,  the  absorbance  of  the  solution  can  increase  to  the  point  where 


the  response  does  not  vary  linearly  with  concentration.  To  utilize  HPLC 
with  ultraviolet  detection  to  measure  the  concentration  of  PGDN  in  an 
aqueous  waste  water  solution,  it  was  necessary  to  determine  the  range 
over  which  the  detector  response  increased  linearly  with  PGDN 
concentration.  It  is  general  practice  to  work  with  solutions  that 
provide  more  than  10%  transmittance,  which  means  A  is  always  less  than 
1.0. 


Calibration  curves  for  the  response  of  aqueous  solutions  of  PGDN  or 
Otto  fuel  11  were  prepared  by  injecting  20  microliter  samples  of  standard 
aqueous  solutions  of  Otto  fuel  11  or  PGDN  into  the  HPLC  and  measuring  the 
response  of  the  uv  detector.  The  standard  solutions  of  PGDN  in  water  and 
Otto  fuel  11  in  water  were  prepared  by  the  serial  dilution  of  stock  1000 
ppm  weight/volume  (0 . lOg/lOOmL)  solutions  of  either  PGDN  or  Otto  fuel  11 
in  water.  These  standard  solutions  contained  500,  200,  and  20  ppm  PGDN 
and  1000,  400,  200,  100,  50,  and  20  ppm  Otto  fuel  11  in  water.  The 
absorbance  at  maximum  peak  height  of  the  PGDN  peak  and  the  area  under  the 
PGDN  peak  were  both  measured  and  plotted  against  concentration. 

The  dynamic  linear  response  range  was  found  to  be  between  0  and  750 
ppm  PGDN.  It  was  observed  that  solutions  containing  greater  than  750  ppm 
PGDN  had  absorbances  greater  than  one  absorbance  unit  and  the  response  of 
the  detector  fell  off  from  that  which  would  be  predicted  by  more  dilute 
solutions . 


2.3  Ex.t r,a c£.i.o.n ..o,f-P.g£!N_f.£.Qm..Aflug ous . Solution 

The  components  of  Otto  fuel  11  are  all  soluble  in  common  organic 
solvents.  To  utilize  a  particular  solvent  to  extract  PGDN  from  an 
aqueous  solution  the  efficiency  of  the  extraction  must  be  determined. 
HPLC  separation  and  uv  detection  of  the  components  of  Otto  fuel  11  allow 
this  to  be  accomplished.  Waste  water  solutions  from  the  flushing  of 
torpedoes  at  CFAD  Bedford  were  acquired  and  the  solutions  extracted  with 
one  of  three  solvents;  varsol  (CGSB  3-GP-8),  petroleum  ether  (30-60°  C) , 
or  hexanes.  These  solvents  were  selected  because  they  are  readily 
available,  combust  easily,  and  can  be  acquired  at  reasonable  cost. 

The  procedure  involved  the  extraction  of  50  mL  of  waste  water 
(samples  obtained  from  CFAD  Bedford)  with  25  mL  of  a  solvent,  measurement 
of  the  concentration  of  PGDN  remaining  in  solution,  another  extraction 
of  the  aqueous  phase  with  25  mL  of  solvent  and  determination  of  the 
concentration  of  PGDN  remaining  in  the  aqueous  phase. 


3.0  RESULTS. .AND.  DISCUSSION 


3.1 


The  results  of  varying 
the  HPLC  indicated  that  the 


the  composition  of  the  mobile  phase  used  for 
60-40  methanol-water  mixture  wave  the  desired 
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separation  of  the  constituents  of  Otto  fuel  11,  i.e.,  no  overlap  of  peaks 
and  elution  times  were  less  than  15  minutes.  The  elution  order  and  the 
retention  times  for  the  three  components  of  Otto  fuel  11  were  PGDN  (3.2 
min),  2-nitrodiphenylamine  (7.2  min),  and  di-n-butyl  sebacate  (14.9  min). 
Mobile  phase  solvent  mixtures  containing  a  higher  proportion  of  methanol, 
i.e.,  90-10,  80-20,  and  70-30  methanol-water  mixtures,  did  not  result  in 
complete  separation  of  the  components.  The  50-50  methanol-water  mixture 
gave  a  complete  separation  of  the  components  of  Otto  fuel  11,  but  the 
components  remained  on  the  column  for  a  longer  period  of  time  than  with 
the  60-40  methanol-water  mixture. 

The  wavelength  of  maximum  absorbance  for  PGDN  was  determined  to  be 
200  nm.  Changing  the  wavelength  of  the  detector  to  198  or  202  nm 
resulted  in  a  diminished  response  compared  to  that  observed  at  200  nm  for 
a  20  ppm  aqueous  solution  of  PGDN. 


A  plot  of  concentration  of  PGDN  in  aqueous  solution  against  area 
under  the  peak  (A)  for  the  data  listed  in  Table  2  is  shown  in  Figure  3. 
The  increase  in  response  of  the  detector  was  linear  over  the 
concentration  range  studied,  i.e.,  0  to  500  ppm,  as  evidenced  by  the 
excellent  correlation  coefficient  (r2  -  0.999)  for  the  linear  least 
squares  best  fit  straight  line  for  the  plot.  Figure  4  shows  a  plot  of 
the  concentration  of  PGDN  against  peak  height  (H)  for  the  data  listed  in 
Table  2.  As  was  observed  in  Figure  3,  the  correlation  coefficient  for 
this  plot  was  excellent  (r2  *  0.999),  indicating  that  the  response  was 
linear  over  the  concentration  range  studied. 


Separation  of  PGDN  from  the  Otto  fuel  11  mixture  on  the  HPLC 
resulted  in  a  detector  response,  i.e.,  peak  shape,  that  was  guassian  in 
form.  Typically,  the  PGDN  peak  took  0.7  minutes  to  elute  from  the 
column,  and  the  peak  was  0.3  minutes  wide  at  half  height.  Peak  heights 
were  measured  at  the  maximum  absorbance  point  of  the  eluting  PGDN  peak 
and  were  calculated  by  setting  a  detector  response  of  0.2  absorbance 
units  equal  to  100.  The  peak  height  of  an  absorbance  peak  might  be 
expected  to  vary  considerably  from  one  injection  to  the  next  as  peak 
shape  and  consequently  peak  height  are  dependent  upon  the  profile  of  the 
PGDN  as  it  elutes  from  the  column.  However,  peak  heights  were  found  to 
vary  only  slightly  from  one  injection  to  the  next  for  any  of  the  standard 
solutions  which  indicates  reproducible  elution  kinetics. 

The  analytical  working  curves  shown  in  Figures  3  and  4  were 
established  using  pure  PGDN.  However,  the  waste  water  solutions  received 
for  analysis  contain  Otto  fuel  11  in  solution.  Figure  5  shows  a  plot  of 
concentration  of  PGDN  in  an  aqueous  Otto  fuel  11  solution  against  A  for 
the  data  listed  in  Table  3.  The  concentration  of  PGDN  in  each  standard 
solution  was  calculated  by  multiplying  the  weight  of  Otto  fuel  11  added 
to  the  solution  by  0.75,  the  approximate  weight  fraction  of  PGDN  in  Otto 
fuel  11.  The  excellent  correlation  coefficient  (r2  =  0.999)  found  for 
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this  plot  indicates  that  the  detector  response  is  linear  over  the 
concentration  range  studied,  i.e.,  0  to  750  ppm.  Figure  6  shows  a  plot 
of  the  concentration  of  PGDN  in  Otto  fuel  11  against  peak  height  (H)  at 
maximum  absorbance  for  the  data  listed  in  Table  3.  The  correlation 

,  O 

coefficient  for  this  plot  is  excellent  (r  -  0.999)  again  indicating  that 
the  response  is  linear  with  concentration  over  the  concentration  range 
studied. 

To  determine  if  any  error  would  be  introduced  by  using  standard  Otto 
fuel  11  solutions  to  establish  an  analytical  working  curve  for  the 
concentration  of  PGDN  in  waste  water  solutions,  the  analytical  curves 
shown  in  Figures  4  and  6  were  plotted  on  the  same  axis  in  Figure  7.  The 
similarity  of  the  slopes  and  intercepts  for  the  two  analytical  curves 
indicates  that  the  assumption  that  Otto  fuel  11  is  75  %  by  weight  PGDN  is 
valid  and  Otto  fuel  11  can  be  used  to  establish  analytical  working  curves 
for  PGDN  concentration  in  aqueous  solution. 

3.3  Limit  of  Detection  of  PGDN  in  Aqueous  Solution 

The  minimum  detectable  limit  of  a  substance  is  often  defined  as  the 
concentration  of  that  substance  that  gives  a  signal  (response)  to  noise 
ratio  (S/N)  greater  than  two.  In  this  work,  response  was  measured  as 
either  area  under  the  PGDN  absorbance  peak  or  the  height  of  the 
absorbance  peak  at  maximum  absorbance.  For  instance,  it  was  found  that  a 
15  ppm  solution  of  PGDN  gave  a  response  of  0.023  absorbance  units  on  the 
0.1  absorbance  unit  scale  and  had  a  S/N  ratio  of  greater  than  23.  A  1 
ppm  solution  gave  a  peak  height  at  maximum  absorbance  of  0.0015  units  and 
a  S/N  of  2.  This  result  suggested  that  concentrations  of  PGDN  in  the  sub 
ppm  level  might  be  detected.  However,  at  concentrations  below  1  ppm,  the 
noise  increased  to  the  point  where  the  S/N  was  less  than  two  and  1  ppm 
was  taken  a3  the  detection  limit. 

3.4  Extraction  of  PGDN -from..  Aqueous  Solution 

The  results  of  the  extractions  of  the  two  waste  water  samples 
received  from  CFAD  Bedfovd  (see  Table  4)  indicate  that  both  hexane  and 
petroleum  ether  (30  -  €0°C)  can  be  used  to  extract  PGDN  from  aqueous  PGDN 
contaminated  waste  water  solutions.  Petroleum  ether  was  more  efficient 
than  hexane,  i.e.,  90%  of  the  PGDN  was  removed  in  the  first  extraction 
compared  to  83%  with  hexane,  but  two  extractions  of  a  waste  water  sample 
with  either  of  these  solvents  left  less  than  1  ppm  dissolved  PGDN  in 
solution. 

Evaluation  of  the  use  of  varsol  to  extract  PGDN  from  aqueous  waste 
water  was  more  difficult.  It  was  observed  that  water  soluble 
constituents  in  some  varsol  fractions  had  retention  times  similar  to  PGDN 
and  made  quantitation  of  residual  PGDN  in  these  aqueous  solutions 
difficult.  However,  as  the  makeup  of  varsol  varies  from  one  supplier  to 
the  next  and  often  from  one  distillati.n  to  the  next,  two  extractions  of 
a  waste  water  sample  with  varsol  (that  cid  not  contain  constituents  with 
retention  times  similar  to  PGDN)  were  found  to  leave  less  than  1  ppm  PGDN 
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in  solution. 

The  solvent  extractions  described  will  greatly  reduce  the  amounts 
of  PGDN  that  are  discharged  into  the  environment.  An  example  follows 
which  serves  to  illustrate  this  point.  If  500  gallons  (2280  liters)  of 
waste  water  containing  500  ppm  PGDN  are  dumped  without  any  cleanup,  1140 
grams  of  PGDN  are  introduced  into  the  environment.  Solvent  extraction  of 
the  same  500-  gallons  of  waste  water  would  reduce  the  amount  of  residual 
PGDN  to  less  than  2  grams. 

4.0  CONCLUSIONS 

A  method  combining  the  use  of  HPLC  separation  of  the  components  of 
Otto  fuel  11  and  uv  detection  and  quantitation  of  PGDN  in  aqueous 
solution  at  the  ppm  level  has  been  described.  The  method  involves  no 
sample  preparation  and  yields  results  in  fifteen  minutes .  It  has  been 
used  to  evaluate  the  efficiency  of  extractions  of  PGDN  contaminated  waste 
water  solutions  with  three  organic  solvents;  hexane,  petroleum  ether  and 
varsol.  The  results  indicate  that  less  than  1  ppm  PGDN  remains  in 
aqueous  solution  after  two  extractions  with  any  of  the  solvents 
evaluated. 
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, TABLE  L 


The  chemical  structures  and  percentage  by  weight  of  the 
constituents  of  Otto  fuel  11. 


Constituent 


Chemical  Structure  %  by  weight 


1,2-propylene  glycol  dinitrate 


N  0  . 


I 


1  I  ' 

H-C-C-C-H 

1  I  \ 

0  H  H 

1  . 

no2 


75.8  -  76.2 


di-n-butyl  sebacate 


0  0 

II  II 

C^Hg-O-C  -  <CH  )  -  C  -  0  -  C4H9  22.5 


2-nitrodiphenylamine 


2  -NO  -  Ph 


Ph 

I 

-  N  -  II 


1.4  -  1.6 


\V.\  W\V WAT  I 
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TABLE  2 


The  Ultraviolet  Response  (either  Integrated  Area  or  Peak 
Height)  of  Standard  Solutions  of  PGDN  in  Water. 


Concentration 

.(ppm) 


Integrated  Area. 

A 


Peak  Height* 
H 


20 

17964 

16.7 

200 

215977 

160.0 

500 

538477 

383.0 

*  peak  heights  -  100  is  equal  to  0.2  absorbance  units 
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TABLE  ,-3 


The  Ultraviolet  Response  (either  Integrated  Area  or  Peak 
Height)  of  Standard  Solutions  of  Otto  fuel  11  in  Water 


Concentration 

sm 

Integrated  Area 

A 

Peak  Height 
a 

cm 

PGDN 

20.0 

15.0 

15188 

11.6 

50.0 

37.5 

35079 

28.0 

100.0 

75.0 

71414 

53.8 

200.0 

150.0 

131991 

110.8 

400.0 

300.0 

293692 

219.0 

1000.0 

750.0 

725458 

495.0 

*peak  heights  -  100  is  equal  to  0.2  absorbance  units 
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Height  (H) 


A*  V|  VI 


Concentration  PGDN  (ppm) 


Figure  6  - 


Plot  of  the  concentration  of  PGDN  against 
peak  height  (H)  of  the  uv  absorbance  for 
a  series  of  standard  solutions  of  Otto 
fuel  11  in  water. 


Height  (H) 


APPENDIX  A 


This  appendix  includes  the  results  of  analytical  procedures  used 
to  confirm  the  identity  of  PGDN.  Infrared  spectroscopy  was 
utilized  to  characterize  the  presence/absence  of  nitrate  (-ONO2) 
and  carbonyl  (-OC-)  functional  groups.  Mass  spectrometry  was 
utilized  to  verify  the  presence  of  PGDN.  The  Figures  show  the 
following  spectra: 

Al.  Infrared  spectrum  of  Otto  fuel  11  showing  the  absorption 
bands  at  1620  and  1280  cm"1  for  nitrate  (-0N02)  and  a 
band  at  1710  cm”1  for  carbonyl  (-CO-) . 

A 2.  Infrared  spectrum  of  di-n-butyl  sebacate  showing  the 

absorption  band  at  1710  cm”1  due  to  this  compound. 

A3.  Infrared  spectrum  of  1, 2-propylene  glycol  dinitrate 

showing  absorption  bands  at  1620  and  1280  cm”1  due  to 
this  compound. 

,A4 .  Mass  spectrum  of  1 , 2-propylene  glycol  dinitrate  showing 
the  fragmentation  pattern  for  this  compound. 


TRANSMITTANCE  {%)  TRANSMITTANCE  (%) 


FREQUENCY  CM"' 


Figure  Al:  Infrared  spectrum  of  Otto  Fuel  II 

showing  absorption  bands  at  1620  and 
1280  cm-1  for  nitrate  (-ONO2)  and  a 
band  at  1710  cm-1  for  carbonyl  (-C0-) . 


Figure  A2:  Infrared  spectrum  of  di-n-butv Isebacate 
showing  absorption  band  at  1710  cm-'  due 
to  this  compound. 
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